In treating pilonidal sinus of the sacral region, complete resection of the lesion and closure of the soft tissue defect/dead space resulting from fistulectomy is important. Insufficient closure of dead space frequently leads to a subsequent infection and wound dehiscence, with complications. We treated 4 patients with pilonidal sinus using negative-pressure wound therapy (NPWT) for closing the soft tissue defect after surgical resection and, by reducing the dead space in a short period, could close the wound by suturing in a second operation. The NPWT was continued for 14-21 (mean, 17.5) days, by which time satisfactory granulation was observed in the wound base, and closure by suturing was possible. In one patient, the NPWT was suspended until infection was controlled by lavage. The second operation was carried out 16-34 (mean, 24.5) days after the first operation. Primary healing was obtained in all patients. During a postoperative follow-up period of 12-18 (mean, 16) months, no recurrence was noted in any patient. This method is advantageous in that it is simple, reliable for closing the dead space, only slightly invasive, and leaves less obvious operative scars, although it required a two-stage operation. The procedure can also be indicated for complex infected lesions and a wide range of defects, and is useful for the treatment of pilonidal sinus. Level of evidence: Level IV, therapeutic study.
Introduction
Treatment for pilonidal sinus of the sacral region is complete resection of the lesion. However, while the width of skin resection is relatively narrow, the amount of subcutaneous tissue to be resected is large. This results in a deep defect reaching the sacrum and formation of a dead space. Since insufficient closure of the dead space leads to postoperative hematoma, infection, and wound dehiscence, postoperative treatment is necessary. We present cases of pilonidal sinus treated by a procedure using negative-pressure wound therapy (NPWT) [1] after surgical resection that was simpler, more reliable, and less invasive than the conventional treatment, although it required a two-stage operation.
Operative procedure
In the first operation, the lesion was stained by infusing methylene blue through the fistula for complete resection of sacral pilonidal sinus. A wedge-shaped skin incision was made in an area including the fistula along the long axis of the trunk (Fig. 1a ), and the subcutaneous lesion was completely resected (Fig. 1b ). The resultant skin tissue defect was not sutured or dressed. Infected lesions were lavaged, and, after confirmation of the control of infection, the NPWT was initiated ( Fig. 1c ). The NPWT was maintained with the V.A.C.™ system (KCI Inc., San Antonio, TX, USA) during hospitalization, and with the PICO™ system (Smith and Nephew Medical Ltd., Hull, UK) in the outpatient clinic after discharge. The NPWT dressing was changed 2 times a week. When satisfactory granulation was observed in the base of the wound, the wound was closed in the second operation ( Fig. 1d ). After minimal undermining of the wound edges, the wound was closed by simple suturing (Fig. 1e ).
Results
This method was performed in 4 patients (Table 1 ). They consisted of 3 males and one female aged 20-35 years. Lavage was performed for 2 weeks from the first operation to the beginning of the NPWT due to infection in one patient, but the NPWT was initiated 2 days after surgery in the other patients. They were discharged 5-18 (mean, 8.2) days after the beginning of the NPWT, which was continued thereafter on an outpatient basis, with a total period of the NPWT of 14-21 (mean, 17.5) days. The second operation was carried out 16-34 (mean, 24.5) days after the first operation, and the sutures were removed after 10-14 days. Primary healing was obtained in all patients. No recurrence was noted during a postoperative follow-up period of 12-18 (mean, 16) months.
Case report
A representative case is presented.
Case 1
A 32-year-old male requested resection of sacral fistula that had been repeatedly infected from 3 years earlier ( Fig. 2a ). The fistula was completely resected at the first operation, which resulted in a defect 10 × 6 × 3 cm extending to the anterior aspect of the sacrum. The NPWT was initiated on the second postoperative day, and the patient was discharged on the seventh postoperative day. The NPWT was continued for 2 weeks on an outpatient basis, and as satisfactory granulation was observed in the wound base, the second operation was carried out. The operation consisted of minimum debridement of granulation and undermining of the wound edges, and the wound was closed by suturing. After a postoperative course of 1 year and 4 months, the scar is inconspicuous, and there has been no recurrence ( Fig. 2b ).
Discussion
Surgical treatment for pilonidal sinus can be divided into open and closed procedures. In open wound treatment, the possibility of recurrence is low, but the treatment period is long, and there is the risk of scar cancer [2] . In closed treatment, the treatment period is shortened, but the indication of simple closure by suturing is limited to lesions occupying a small area. Relatively large defects are indications of Z plasty and local skin flaps, and their surgical treatment, which involves scar formation, is highly invasive [3, 4] . In contrast, we have reported the reconstruction using a sacral adipofascial turnover flap [5] . This method has the advantage of completely filling of the dead space, using a relatively small resection of the skin, but requires hospitalization and postoperative rest for about 2 to 3 weeks. Even larger defects are indications of fasciocutaneous flaps and gluteus maximus muscle flaps, but these procedures are more invasive, require long postoperative rest, and leave conspicuous surgical scars [6, 7] .
Recently, the use of the NPWT have been reported [8] [9] [10] [11] . In these studies, the NPWT was used alone for open-wound Skin tissue defect after resection of pilonidal sinus. The subcutaneous defect is wide and deep relative to the width of skin resection. c The V.A.C.™ system is applied d at the end of negative-pressure wound therapy (24 days after the first operation) and e at the end of the second operation therapy after resection [8] [9] [10] and has advantages such as promotion of granulation tissue formation and reduction of dead space. However, the use of the NPWT does not necessarily shorten the time to heal compared with open wound healing and requires a certain amount of time until granulation has completed [12] . Furthermore, the NPWT is associated with complications such as recurrence of infection and pain. There has also been a report of split-thickness skin grafting combined with resection, using the NPWT for fixation of the skin graft [11] .
The present method requires a two-stage operation but is simple and only slightly invasive, and postoperative scarring is inconspicuous. The duration of hospitalization is shortened, and restriction of sitting or walking is unnecessary, contributing to mitigation of the patients' stress. As a result, it can minimize the negative impact on the social lives of patients such as long-term absence from work and school. Since it is not necessary to wait until complete granulation of the wound, and since a reduction of the wound size to a level closable by suturing suffices, the treatment period is shortened, and the technique may also be applicable to large defects. It is also effective against refractory pilonidal sinus with multiple infections. In patients with recurrence of infection, the NPWT should be initiated after confirming the control of infection by lavage, or the concomitant use of continuous negativepressure wound therapy with irrigation [13, 14] should be considered. Since this procedure using the NPWT has wide indications regardless of infection or the size of defects, it may become a new option for the treatment of pilonidal sinuses.
Conclusion
The NPWT was performed after resection of pilonidal sinus, and the defect was closed by suturing in a second surgery. This procedure is simple, surgical cicatrization is inconspicuous and does not require postoperative rest. Since it has wide indications including complex infected fistulae and large defects, it is expected to become a less invasive option for the treatment of pilonidal sinus.
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